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CeM2X2 compounds (M-transition metals, X = 5i,Ge,Sn) exhibit very exotic
properties such as intermediate valence state, heavy fermion, magnetism, and
superconductivity., Most of them crystallize in the ThCr;Si2 type structure
(14/nmm) while a few adopt the CeBejGez primitive one (P4/nmm). Among these
compounds, CePtsSn2 has the heaviest known specific heat co fficlent (y = 3.5
J/mol-K?) and orders antiferromagnetically at TN - 0.88 K.

Samples of CePtsSna, Cep.elag.2PtaSn2, and LaPt3Sn2 have been studied by
X-ray powder diffraction experiments including Rietveld calculations before and
after annealing. As-cast samples can be indexed in the tetragonal primitive
cell; however, re-examination of annealed samples (1 & 3 days at B00°C and 3
wecks at 700°C) reveals a monoclinic distortion of the lattice. Such a
distortion has already been observed for CeNijSnj.

Furthermore, our diffraction patterns show evidence for superlattice lines
at twice the unit cell parameters, which was verified by transmission electron
microscopy. Mlcroprobes analysis on these samples show that the Pt sublattice
is slightly substoichiometric (97.5%). Thus strains due to large atomlce radil
and orderinp, of Pt vacancles could be responsible for the monoclinie di:stortion

and superlattice lines.
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1 UPR 209, Chiwnie Métallurgique des Terres Rares,

2 UPR 210, Eléments de transition dans les solides,
CNRS, 1 Place Aristide BRIAND, #2195 MLUDON, FRANCE,
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ABSTRACT

Mest o2 the RMaX: compounds can be described in tetragensl
systems either i4in the ThCraSia: type or 4in the CaBeGex oOne.
However, recent works have shown that for large sire atoms such
as Pt or Ir for M and Ge or 6n for X, structural distorticns
occur leading to less synmetrical cells. Here, we report on
Cexla,;-xPtabn, (%= 1, 0.8 and 0) coxpounds which exhibit
morocliniec distortion end suparlattice lined after annealing.



INTRODUCTION

RM3X3 compounds (RvRare Earths, M=Transition MHetals oand
Xs§1,Ga or B6n) exhibit very exotic physical phenomena: Kondo
lattice effects, heavy fermion Dbehavior, superconductivity in
heavy fermion state, charge and valence fluctuations...[1). Mosmst
¢f these compounds adopt the tetragonal ThCr Siis [2] structure
which 45 derived frce the Bahle one (3) where All and Al2 atonm
sites are filled up by N and X atoms respectively. In this
structure, direct contact Detween N atoms is aveoided and it
shculd be pcinted cut that it is a general feature for these
cozpounds, Bven in the case of CeZniAl: {(4) which crystallized in
the anti-ThCrp$i, wvhere M and X sites are exchanged allowing
direct contact between Zn atoms,. the metal distances are still
metallic ones. A few compounds (5,6] are reported to crystallize
in the CaBe3:Gaa type structure [7) which can be described as a
stacking along c axis of half sladb of ThCr:5.1. type and half slad
of anti-ThCrafia. Azxong them, CePtaSn; which exbhibits the
hesviest known electronic specific hest coefficient (B}, har been
firet reported in a tetragonal cell (a=4.581 A, ¢+#10.383 A) [9).
Here ve report evidence for a monoclinic disvertion observed
after annealing for CeyLa,-uPt26n2 (x= 1, 0.8 and 0) eompounds.
FurtherEore, profile calculations and electron microscopy show
superlattice lines leading to twice the unit ¢cell paraceters for
CePtaBna. Thie structural bebavier will be ¢ . ascussed with regarc
to Pt vacancies and/or to strain effects rue to large atomic
Bizes.

BIPERIMLNTAL DETAILS

The three saxples have been prepared by arc melting of the
constituents, Ce Or La (99.93), Pt (99.99V) and 8Sn (99.999:) on a
vater cooled copper hear:ih in an argen atmosphere. Lach sanmple
vas melted five tirmes in order to insure homogeneity. To oheok
the influence of annealing trestments on the structural
properties, the samples have been annealed One and threea days at
800°'C and three waoke at 700°C in @ quartz tube sealed under

vacuunm,



Metallographic examinations confirmed the saxpleus to Dbe
single phases. Microprobe analysss ahow that the Baxples are
stoichiometric though a slight substoichiometry effact (s2.5Y%)
for Pt ie¢ systematically observed.

I-~ray povder diffraction experinent have been carried out on
a Philips wstep by step goniometer using CukK. <radistion
(1.%54178 A). Profile refinements have been calculated using
RIETVELD wmetheod. [Llectron microscopy have been performed ¢cn a
JEOL 2000YX transzission mioroscope.

Lix: absorption edge measurenants, which have been perforned
previously, have shown that the Ce ion is in the trivalent state
for CePt:8Sn; [10) and have been aleo checked for the substituted
coopound.

RESULTS AERD DISCUSSION

X-ray diffraction pouder pattarny o0f as Cast sampler can be
indexed in the primitive tetragonal cell (space group Pe/nom) of
the CaBe:Ge; type structure as expected fron prgviou- structural
studies reported on a single crystal of CePtaEna [?). lNHowever,
powder pattern exarminations of annealed samples show evidence of
a structursl distortion and heve been indexed in a monoclinic
cell (see Table I). A eystematic study of annealing effeots has
shown that the distortion occurs whatever the <treatzent
conditions are: 1 or 3 days at 800°C or 3 weaks at 700°C. 1In
fact, accurate exanmination of the as caast sanmple patterns showve
that the mcnoclinic distortion can be expected if ona considers
the presence ¢f shouldering in ‘some of the main peaks. Then, the
tetragonal structure of the aw cast Jamples ocan be seen as &
astastable ptate which ctransforms {tself to the monoclinic one
whenh annealed. Buch a distorticn has been already reported for
CeN1,8n; for which tue authors [11] observed a splitting of some
X-ray AQiffraction lines when annealing the sample at 700°C for
one week. However they report that annealing at 800°C do nov lead
to any distortien, More recently, the westructural astudy of
BuCu:8n; have ghown that this latter compound crystallizes in a
nonocliniec cell (a=4.823 A, be 4.308 A, c=10.866 A and 8=54.8°)
(12]) and its structure can be de¢scribed as a strungly disterted



ThCr:51z one. HMonoclinic distortiun of <the CalesBez stiructure
have been aleo alresdy reported for LaPtiGes [13) where the
authors proposed to describe this ooempound 1in the monoclinic
space group P2,. Then, we attempt to refine CePt:En; and LaFtiSn;
in such m structural description using the Rietveld refinemen:t
sethoo. Tinal cycles lead to R factors o2 11.5% for Ce and 11,9%
for La compounds which corresponds to a rather pecor fit,
Furthermore, diffraction patterns show evidence for superlattice
lines (figure 1) which can not be indexed ecven in this roncclinic
cell but which can be taken into account when doubling the cell
paraxeters. Careful study have been made in order to check the
possibility of the emargence o¢f a mecond phase during annealing
responsible o2 such d.ffraction lines but naither metsllographic
exazinations nor microprohe analyses on both as cast and arnealed
sacples confirm this hypotbesis. Thus, electron transmission
eicroscopy experiments vwere undartaken to check the validicty of a
docuble cell. Tigure 2 shows the diffraction planes (2-2 1)* and
(-3 0 1)* cf CePt;Sn; and the presence of weak oXtra spols
betveen 1the main Pragg spots of the simple wmonoclinic cell
confirns the existence of the superlattice. At thies ptage, we
have tried to refine X-ray powda: patterne in a double cell but
difficulties to bandle fuch @ Jarge cell size anrnd te describa
correctly atonic positions have not leed yYet to reliable results.

CORCLUSION

NMost of the RkMiX: compounds can be described in tetragonal
system aeither in the ThCr;8i,; type or §n the CaBeGe;: one.
However, recent workas have eshown that upon esubstitution, whan
increaring the 9ize of M or X (1.¢. M=Ir or Pt, X«Ge or @n),
stsuctural distortion ovcurs leading to less symnetrical cells.
In first approximation, this eould be understood as a gevketrical
¢ffects. Morecover, enalyses reveal a sydtedatic substoichiocmerry
fcr M aton sublattice and thus strainw due to lerge atomic
radiue wizes and ordering of M vacangies could be responsible for
monoclinic disrortion as well as for esuperiattice Jlines 1iIn
CePtaSny. It should be pointed out that this latter ocompound han
the heaviest known specific heat coefficient (re3.% J/wol.K!') and



then particular attention must be paid in future stucdies to the
relation between structural distertion and physical preperties,
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Figure 1. X-ray povder diffraction patterns for a) CePt:8Sna2 b)
LaPtiSna (.... experimental patcern, — calculated pattern, +
peak positions). The difference curve betwaen calculated and
exparimental patterns Appears belew at the sagcae scale.
Superlattice lines are shox.. by arrows.

Pigure 2: Diffraction planes a) (2 -2 1)* b) (-3 0 1)°
for CePtaSna.
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Parageters CeaPtasSna Ceo.elao.2aPta8n; LaPt:5n2

B a (A) q4.593(5) 4.608(8%) ¢.615(5)
b (A) 4.590 (%) 4.603(5) 4.610(5)
c (A) 10.4048(7) 10.412(7) 10.435(7)
() 91.6(1) 91.8(1) 91.6(1)

Tavle 1 - Call parsmeters fcr (Ce,La)Pta3n; compcunds
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